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The subcellular distribution of calmodulin was investigated by differential centrifugation of tumour homogenates in the presence of Ca2+, by using as an assay the ability of heat-treated fractions to activate cyclic nucleotide phosphodiesterase. Nearly 90% of the total calmodulin was localized in the postmicrosomal supernatant, with only 3% in the microsomal fraction and 2% in the mitochondrial/insulin-granule-rich fraction.
Calmodulin-binding proteins were concentrated from the post-microsomal supernatant by affinity chromatography after depletion of endogenous calmodulin by DEAE-Sephadex ionexchange chromatography in the presence of EGTA. The affinity column was prepared by coupling 20mg of bovine brain calmodulin 80ml of Sepharose 4B by the CNBr method (March et al., 1974) . Proteins were applied to the column in a solution containing 20 mM-Hepes [4-(2-hydroxyethyl)-1 -piperazineethanesulphonic acid], 0.3 M-NaCI and 1 mM-CaCI,, and after extensive washing were eluted with the same buffer containing 1 mM-EGTA instead of CaCI,. The eluted protein (I% of the total tissue protein) was distributed among a large number of different peptides, as evaluated by sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis (Laemmli, 1970) .
The association between calmodulin and the tumour proteins could be reversed by trifluoperazine and required Ca2+ in the micromolar range. No association was seen when Mg2+ replaced Ca2+. The eluted proteins bound '2SI-labelled calmodulin after renaturation in situ in a sodium dodecyl sulphate/polyacrylamide-gel electrophoretogram (Carlin et al., 1980) .
The following enzyme activities were present in the eluted protein fraction and displayed marked Ca2+xalmodulin-dependent activation: cyclic nucleotide phosphodiesterase; phosphorylase kinase; myosin light-chain kinase. The presence of further calmodulin-sensitive protein kinases was suggested by the observation that incubation of the calmodulin-binding protein fraction with [y-32PIATP led to phosphorylation of several proteins with the same eluate. This was conceivably attributable to autophosphorylation or to the co-purification of a kinase and protein substrate on the affinity column.
Myosin light-chain kinase activity was investigated in more detail. The enzyme showed 10-50-fold activation with added Ca2+ and calmodulin, this enhancement being completely abolished by trifluoperazine at 1 0 0 ,~~. The K,,.,,,, for ATP was 7 0 p~, and it was 4 0 p~ for 20000-mol.wt. light chain of chicken gizzard myosin. These kinetic properties were similar to those of myosin light-chain kinase from other non-muscle (Hathaway et al., 1981) and smooth-muscle cells (Adelstein & Klee, 198 I) . Myosin light-chain kinase was also demonstrated in crude extracts of the tumour and islets of Langerhans. but this activity was enhanced only 3-fold by the Caz+-calmodulin complex.
The observation that insulin-secretory tissue contains myosin light-chain kinase activity. taken together with the reported presence of actin and myosin in this tissue (Gabbiani et al., 1974; Ostlund et al., 1978) , is consistent with the involvement of Ca2+-regulated contractile processes in the secretory mechanism. We have previously demonstrated (Burgoyne & Geisow. 1981 ) that chromaffin-granule membranes contain a number of substrates for endogenous protein kinase activity. This protein kinase activity includes cyclic AMP-dependent, calmodulindependent and independent components. In the present paper we report the presence of a polypeptide in the granule-membrane fraction whose phosphorylation is not regulated by Ca2+/ calmodulin but by Ca2+ alone. Furthermore the phosphorylation of this polypeptide is not inhibited by the calmodulin antagonist trifluoperazine.
Chromaffin granules were prepared from bovine adrenal medullae by pelleting the large granule fraction through a cushion of 1.7~-sucrose (Burgoyne & Geisow, 1981) . The granules were lysed, washed and the membranes stored at -7OoC before use. For the phosphorylation assay, membranes (0.75 mg/ml) were incubated in 137 M-pOtaSSiUm glutamate, 20m~-Mes(4-morpholine-ethanesulphonic acid) (pH 6.5) 1 mMMgSO,, 5 mM-EGTA and analysed by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis on 10% slab gels and autoradiography of dried gels. Calmodulin was prepared from rat brain by heat treatment, DEAE-cellulose chromatography (Burgoyne, 198 1) followed by fluphenazine-Sepharose chromatography (Kakiuchi et al., 1981) .
A number of substrates for endogenous protein kinase activity were identified in the chromaffin-granule membrane fraction (Fig. I) . Addition of calmodulin in the presence of 0.1 mM free Ca2+ (Fig. 1, gel d) led to an enhancement of the phosphorylation of a group of three polypeptides of mol.wt. 59000, 58000 and 53000, as shown previously (Burgoyne & Geisow, 1981 ) and a polypeptide of mol.wt. 27000. Although these stimulations due to calmodulin were not large, they were confirmed with several membrane preparations and by quantitative densitometry.
The phosphorylation of a polypeptide of mol.wt. 18000 was stimulated by 0.1 rnM-Ca2+ (gel b) compared with the control at 0. I ,uM-Ca2+ (gel a). The phosphorylation of this polypeptide was not stimulated by exogenous calmodulin and was not inhibited (gel c) by a concentration of trifluoperazine shown to inhibit both calmodulin-and phospholipid-stimulated Ca2+-dependent phosphorylation (Wrenn et al.. I98 1 ) . This excludes the possibilities that phosphorylation of the 18 000-mol.wt. polypeptide was due to Ca2+-stimulation via endogenous calmodulin-or phospholipid-stimulated protein kinase. In the same gel (c) trifluoperazine prevented the calmodulin stimulation of phosphorylation of the 59000.. 58000-, 53000-and 27000-mol.wt. polypeptides. It is noteworthy that addition of trifluoperazine stimulated the phosphorylation of polypeptides of mol.wt. 90000, 77000 and 38000. A stimulatory effect of trifluoperazine on protein phosphorylation has not previously been described and the explanation for this effect is unknown.
The Ca2+-dependent modulator protein calmodulin has been implicated in a large number of cellular events. These include the activation of cyclic nucleotide phosphodiesterase and myosin light-chain and phosphorylase kinases in muscle, the control of Ca2+ flux across membranes, the destabilization of neurofilaments, neurotransmitter release and the phosphorylation of proteins, especially those membranes associated with the synapse (Schulman & Greengard, 1978 : Means & Dedman, 1980 : Scharff, 1981 . In nervous tissue, calmodulin has been isolated from both the cytosol and particulate fractions. The Ca2+-dependent modulatory properties of calmodulin from both sources do not vary in the stimulation of cyclic nucleotide phosphodiesterase (Sobue et al., 1981) . A number of soluble calmodulin-binding proteins have been characterized in brain and a high-molecular-weight Ca2+-specific binding polypeptide has recently been identified associated with the microsomal fraction (Kakiuchi et al., 1981) . In this study we present evidence for the binding of calmodulin to synaptic membranes. Sheep brain was homogenized in iso-osmotic sucrose or 5 mM-Tris/HCI, pH 7.4, containing 0.1 mM-EGTA and 0.05% P-mercaptoethanol. The suspension was centrifuged at IOOOg and IOOOOg and the pellets were discarded. The microsomal fraction was isolated by further centrifugation at 120000g for 2 h. The two microsomal pellets were monitored for cytoplasmic contamination by determination of lactate dehydrogenase activity (EC 1.1.1.27). Membrane particles were lysed by treatment with Triton X-I00 concentrations and enzymic activity was determined in 0.1 M-sodium phosphate containing 0.32 M-SUCfOSe. The results reported (Fig. 1) demonstrate that the microsomal membrane structures prepared from the hypo-osmotic total homogenate still retained some contamination from cytoplasmic material: 33% of the occluded lactate dehydrogenase activity was present. compared with the activity exhibited by the sucrose-prepared microsomes. The release of calmodulin was detected by the stimulation of Ca2+-dependent cyclic nucleotide phosphodiesterase. For both microsomal fractions the activation of phosphodiesterase followed a similar profile to lactate dehydrogenase up to 0.1% Triton X-100. However, on increasing the detergent concentration to I%, increases of 26% and 29% calmodulin stimulation were observed for the sucrose-and 5 mM-Tris/ HCI-prepared microsomes respectively. Calmodulin was isolated from sheep brain by affinity
